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The invention relates to a road-maridng system conqnising: 
at least a first and a second road-marking unit each ha^ an emission 
surfece, the first unit compri^afirstUght source and the second unit com^ 

light source. 

Sucharoad-maridngsystemis known fix,mWO-00/20691 (PHN 17533). The 
„,ad.marking system is used in traffic-control systems for marking traffic routes for vehicles 
such as roads for cars and olher road users, and runways for aircraft One of the methods used 
by traffic planners in their attempts to reduce traffic jams is a so- called.'^dal flow system" . 
Insuchadynamic system, tixedirectionof the traffic of multi-lane roads is changed in o^ 

more lanes m accordance wiHi the direction of the main flow of traffic. In an alternative 
embodiment, the number of lanes available to traffic movmg in a specific direction is 
increased or reduced in dependence on the amount of traffic. A problem wilh these methods 
lies in the indication of the direction of tiie desired flow of traffic for a specific lane m a 
flexible manner, or inihe actual changing of the arrangement of the traffic route in a flexible 
manner. Known means fi>r indicating the desirable direction of the flow of traffic include 
agnaling lights beside or above the traffic route. 

Said road-maridng systems camiot only be used as dynamic road-markmg 
systems; they can also be given static ^Ucations. Static appUcations of road-marking 
systems include markmg parts of traffic routes (for example straight parts or bends) so as to 
give guidance to tiie direction of the traffic under certain weather conditions, for example 
durtog fog, rain, black ice. etc.. and/or under certam light conditions, such as daylight, 
twilight, a low position of the sun. nigjit. etc. 

Road-marking systems may be provided beside and/or above the traffic route, 
for example on a crash barrier alongside the traffic route. Road-marking systems may also be 
provided in a road surfece of the traffic route by making recesses tiierein. in which recesses 
Ihe known systems are to be mserted and retained. The known road-marking systems have 
the disadvantage that the metiiod of making said recesses is cumbersome and difficult and 
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leads to relatively large decrease in the mechanical strength of the road at the locations of the 
recesses. 



5 It is an object of the invention to provide a road marking system of the type 

described in the opening paragraph in which this disadvantage is counteracted. 

According to the invention, this object is achieved m that each unit has a shape 
adapted to a saw-cut recess for accommodating the unit Such a recess made in a (soUd) 
body, for example a K>a4 m yMch Ae unit is to be accommodated, is simple and easUy 

1 0 obtainable by a movement perpendicular to a surfece of said body by a saw. Ihe movement 
may also be skew with respect to said suifece. resulting in a skew recess in wWch the unit is 

positioned at an acute angle to said surfece. Such a position of the unit enables a reduction of 
the risk of impact damage and tilting of the unit with respect to said surfece due to forces 
exerted by vehicles. Preferably, the recess for accommodating the unit has a cylindrical 
15 bottom part in the sh^e of a circular segment, in which case ttie saw, for example, is a 

circular saw. The recess thus obtained m Ihe body, for example in a road made of asphalt or 
concretB or ZOAB, i.e. "Zeer Open Asfelt Beton" in EngUsh "open-pore bituminous 
concrete", has smooth walls vdiich a relatively great mechanical strength. Contrary to Ihe 
method of makmg tiie recess used for the known unit with the aid of a milling cutter, an extra 
20 number of voids in these walls is avoided because particles are cut in the method of makmg 
the recess for the unit of the system according to the invention instead of bemg thrown out 
Since tiie unit and tiie recess are adapted to eadi other, the unit has a narrow fit in the recess. 
A unit accommodated in the recess thus bears for a substantial portion on tiie walls of the 
lecess and is kept positioned tiiereby. The adapted shape of tiie unit achieves tiiat tiie 
25 emission surfece of tiie unit projects only to a small extent, for example by 3-4 mm, above a 
road surfece of the road provided with the recess. 

In tiie description of the current invention, a "light source" is defined as a sub- 
unit which emits (visible) Ught. tiie origin of said light not necessarily being situated at tiie 
location of tiie Ught source. For example. Ught emitied by tiie Ught source may also be 
30 generated at a distant location and be transmitted, for example, by means of light 

waveguides, such as optical fibers, fiom a so-caUed Ught generator to tiie "Ught source". The 
term "Ught source" generaUy does not refer to Ught generated by reflection of Ught, in 
particular Ught emitted by a vehicle which is reflected at tiie location of tiie "Ught source". 
Furthermore, in tiiis description. Ught beams which show a "uniform overlap" are to be taken 
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to mean Ught beams which caimot be distinguished by the human eye under the above- 

mentioned conditions. 

Light issues fix>m the first and the second light source at an angle a of 0.1-25' 
vdth the road surface. The light has a beam width angle of about 45° enabling it to be seen by 
a viewer at an angle a of at least 45° with the road surface. It is achieved by the measure in 
accordance with the invention that a road user, for example a motorist or a truck driver who, 
ftom his vehicle, looks ahead at the traffic on the road and the markings in the road surfiice, 
observes ftom a distance equal to or above 40 m that the Ught beams originating ftom the 
first light source in the first road-markmg unit and fiom the second light source in the second 
road-marking unit show a uniform overlap. Light originating fit>m the first and the second 
Ught source at an angle a of 0.1-8» with the road surface is perceived as an imaguiary "vMte" 
Une under said conditions. Tlie Ught has a beam angle of about 450 enabling it to be seen by a 
viewer under an angle of 45o with the road surfece. This is the case particularly if the Ught 
originates ftom a plurality of such Ught sources, for example a suitably diosen (two- 
dhnensional) arrangement of Ught sources. A particularly suitable arrangement of Ught 
sources is a one-dimensional array of four Ught sources per unit. Said four light sources, 
^ch extend transversely to the direction of view of the load user, are so closely spaced that 
the human eye cannot distinguish these four Ught sources at a distance equal to or greater 
than 40 m. Said units situated in the extension of the observation field of the road user are 
provided, in accordance with ibs inventive measure, m such a manner that, given the viewing 
angle of the observer. Ught beams originating fiom the Ught sources of said units show a 
uniform overlap at a distance equal to or above 40 m. An observer situated at a distance 
greater than or equal to 40 m ftom the entire arrangement of a number of units with fi>ur Ught 
beams originating fiom each of said Ugjit sources, the angle of view of the observer ranging 
between 0.1 and 8°. wiU perceive said used said arrangement of Ught beams is an imaginary 
Une in the road surfece. Hie present invention may be used particularly effectively if the 
distance a between the road user and the first Ught source is m a range of : 40 m < a < 100 m. 

Preferably, a distance d between the first and the second unit Ues in a range of 
between 1 0 and 25 cm. In this manner, a good display of the imagmary Une is obtained by 
means of a Umited number of units. If the distance d is smaUer than 1 0 cm, a large number of 
units are necessary to achieve the desired effect For distances above 25 cm, the coherence of 
the units is such that tiiey are no longer perceived as forming a coherent obj ect (imaginary 
Une) by the road user. Particularly suitable is a distance d in &e range between 1 5 and 20 cm. 
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The road-marking system of the invention is built up from independent units, 
which may, however, be electricaUy connected. The independent units do not fimn a large 
mtegral one-part array of units embedded in the road surfece. Therefore requirements with 
respect to skid resistance imposed on these units are relatively low, because a good contact 
between wheels of vehicles and the road surfece is detennined mainly by the road surfece 
itself and only to a smaU degree by these units. The road-maiking system of the invention has 
another advantage in being safer to road users when it is out of operation, becaas it does not 
form a continuous line/stripe in the road surfece which, under certain drcumstances. might 
be confused with permanent "non-dynamic" road markings. The relatively narrow and 
shallow continuous stripe of the saw-cut, which is made for the electrical/optical cables 
interconnecting the units, does not lead to sudi confusion. 

In an alternative embodimait of the road-marking system in accordance with 
the invention, ihe unit comprises a housing which accommodates a Ught source as weU as an 
optical system for directing the radiation to be generated by the Ught source. Said Ught source 
comprises a pluraUty of optoelectronic elements, and said Ught generator is provided with 
control electronics for operating flie optoelectronic elements. A recess m the road surfece 
obtainable by the saw-cut or by a saw-cut combmed with a driU-hole foiines an attractive 
embodiment for accommodating the unit, the optical system and the Ught generating parts. 
The optical system may comprise a coUimator lens with. optLonaUy. a number of sublenses. 
the optical axis of each of the sub-lenses coinciding with the optical axis of one of the 
optoelectronic elements, and the optical system may also comprise a focusing lens. The 
focusmg lens is preferably embodied so as to be a (positive) Fresnel lens. The advantage of 
usmg a Ught generator based on optoelectronic elements is that tiie housing of the Ught 
generator is completely closed. As a result of the long service Ufe of tiie opto-electronic 
elements, tiie U^ source does not have to be replaced during the service Ufe of the Ught 
generator. This fevorable property enables tiie Ught generator to form part of the base 
module, so that flie length of tiie necessary light guides can be substantiaUy reduced. A 
further advantage of a Ught generator on the basis of optoelectronic elements is that such a 
Ught generator has a high resistance to shocks. Furthermore, the control electronics enables 
tiie Ught to be dimmed or change color in a simple manner, for example, by switching on or 
off specific optoelectronic elements. In addition, a Ught generator on flie basis of 
optoelectronic elements has a higih luminous efficacy. 

In an embodiment, the road-maridng system is characterized in that each unit 
con^rises at least one stabUizer at least adjacent to flie emission surfece. The stabUizer 
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reduces the risk of tilting of the unit with respect to the road surfece due to forces exerted on 
the unit by the wheels of vehicles. TUting of the units increases the risk of glare and/or 
distortion of the imagmary line. Preferably, the stabilizer has at least ona duct at least 
substantially parallel to the line for passing electrical/optical cables. Separate recesses in the 
road surface for accommodating these stabilizers are not necessary, as these stabile " 

accommodated in the recesses akeady present for the electrical/optical cables. 

An optoelectronic element may be used as the Ught source. Prefisrably, the 
luminous flux of the optoelectronic element amounts to at least 5 Im during operation. 
Optoelectronic elements, also refferred to as electro-optical elements, such as 
electroluminescent elements, for example Ught-emitting diodes, are very suitable for use as 
the Ught source. The optoelectronic element is preferably mounted in the road-maridng unit 
A relatively high luminous flux is necessary to generate enough Ug^it also at ambient light, 
for example smiUght or Ught originating from headUghts, so that the Ught beam can be 
observed from a distance with sufficient bri^itness. 

In a fevorable embodiment the road marking system is characterized in 4at 
the optonelecttonic element comprise LEDs. i.e. Ught-emitting diodes whose hmiinous flux is 
at least 5 hn during operation. The LED is combined with a coUimator for coUimating Ugjxt 
from the and fOT directing the Ught through an opening in the emission surfece. 

do not emit ultraviolet radiation, hence the unit and coUimator can be made of synthetic 
materials, for example plastic, without an increased risk of degradation caused by the knitted 
Ught Plastics mvolve relatively low system costs and increased system design possibiUties. 
LEDs have a relatively long operational Ufe, for example 50.000 hours or more, offering the 
road marking system the advantage that maintenance costs may be significantly reduced. 
Another advantage is that LEDs are electronically dimmable Ught sources, electronic 
dimming being more efficient than mechanical dimmmg. Each single LED is opticaUy 
coupled to a respective single coUimator. for example a Compound ParaboUc Concentrator 
(CPC). Thanks to the coUunator, the LEDs are no longer positioned m the emission wmdow, 
Aus reducing the risk of failure of the LEDs. The Ught fix>m the relatively large LED. with a 
Ught emission wuidow of about 5 mm. is coUimated by the coUunator. for example m that the 
coUimator has a prismatic shape, and is emitted through a relatively smaU opening, for 
example 1-2 mm. in the emission surfece. It is an advantage of the road marking system with 
the coUimator diat the emission surfece of the unit need prqj ect to a smaU extent only, for 
example by 1 .5-2 mm. above the road surfece of the road provided with the recess, to emit 
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the Ught fiiUy. Furthermore, the collimator has the advantage that its shape is eaaly adjusted 
so as to form a desired beam of the U^t emitted ftom the emission surfece. 

A very suitable alternative Ught source for use in the road-marking system is 
formed by an end portion of an optical fiber. Hus has the advantage that the Ught emitted by 

5 the Ught source is generated in a Ught generator at a distance fix>m the load- marking unit and 
transmitted ftom the light generator to the Ught source by means of optical fibers. Tbs Ught 
generator may comprise a light source accommodated in the housing, for example a 
semiconductor Ught source such as an optoelectronic element, or a discharge lamp, such as a 
mercury discharge lamp. If the discharge lamp has a discharge path with a length of at most 2 

10 mm. its Ught can be generated at the emission surfece. thereby circumventing the necessity of 
transporting of Ught origmating fiom the Ught source through an optical fiber. In an attractive 
modification of tins embodiment, the Ught generator comprises a first end of at least one Ught 
guide, which Ught guide is optically coupled at a second, opposite end to the Ugjit source in 
tiie r<^-marking unit The Ught source in the U^t generator is preferably arranged at a 

15 distance fiom the road-maridng unit so tiiat said Ught source can be readily replaced, for 

exan^le at tiie end of its service Ufe. A fiirlher advantage of employing optical, waveguides is 
timt the use of optical fibers results in a very efficient use of Ught. which entails no, or at least 

voy Uttie, Ught pollution. 

Light poUution is to be taken to meantiie loss of Ught caused by the feet that 
20 areas are illuminated where iUumination is unecessary and/or undesirable. An advantage of 
the use of optical waveguides over the use of optoelectronic elements is ti»at no electric 
voltages and currents have to be fed to the Ught source via ti»e road surfece in the case of 

optical fibers. Hiis results in an increased traffic safety. Hie risk of an electric voltage 
flashover or a short-circuit, which might cause an undesirable exploaon, is precluded also in 

25 the case of accidents and other calamities. 

nie invention forther relates to a road-markmg complex which is provided 
wilh one or more road-marking systems m accordance witii tiie invention, with a control 
system for tiie road-marking systems, and witii means for coupUng tiie road-marking systems 
to tiie control system. The means for coupUng tiie one or several road-marking systems to tiie 

30 control system may be embodied so as to be a cable for guiding electrical or optical signals. 
In a modification, tiie means for coupUng are embodied so as to be a wireless connection by 
means of an emitter/receiver pair, wherem tiie emitter sends control signals fiom tiie control 
system to a receiver incorporated in tiie road-marking complex. 
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An embodiment of the road marking system of Ihe invention is shovm 

diagrammaticaUy in the drawing, in which 

Fig. 1 is across-sectional viewofaunitofaroadmaildngsystemaccordingto 

tiie invention; •♦„„fP5« i 

Fig. 2 is a perspective view of the road marldng system with nmts of Fig. 1. 

accommodated in a road surfece; . 

Fig. 3 is a perspective view of an alternative embodiment of a road-markmg 

unit according to tiie invention; and 

Fig. 4 is an exploded view of aa alternative embodiment of aroad-maikmg 

unit according to the invention. 



Fig lisactoss^ectionalviewofaroad-maddngcompleKinaccordancewith 
Ihe invention. Saidroad-marldng complex comprisesafirstroad-maxldng^^ 

road-marking imit 2. which are both accommodated in and have a shape adapted to a 

respectiverecess9.madebyacircularsawinaroadwitharoadsurfi«:eR.Irithe^ 

embodiment oftheroad-marikmgcomplexinaccordancewilhthe invention as sho^ 

2 eachoftheroad-markingnmtsl;2iscomposedofahousingll;12.wMchhousingsa^ 

eL^hprovided withat least one U^t source atarespectiveemissionsurfece 10; 20^^^^^^ 

housing, inthisexamplefour tot Ughtsonrces21.2r.in1hefirsthousmgll, and four 

secondHghtsources22.22^in1hesecondhousingl2.thelightsourcesin1heFl^^ 

IXDs.Toprotect1heUghtsourcesftomdamage.thefirstUghtsources21.2^ 

inthe firsthou^ng 11. and ti^ second Ught sources 22. 22. ... are recessed in the second 

housing 12 (see Fig. 2). 

InFig 2,asyslcmofco<>tdim«estesh<Krateorioi«alionpmposes. 

s«»ioa.l vi^ .rfFig. I by m»ms of a B» 3; 4. «h«e a - 0.r for a. referenced 3. «1 
a-8»fbra»li.Krefere«ed4.Anobs«v«5h»nng.fieklotvi«,V>ndsitt».gtaa 

vddde«movi.«toadii»=ttoa7Unto««i..ai*aK».ftom11»«rs..ig^ 
si.„a««.ha™inFig.l.«l«r.«»di»U»«a240.n.Ia.ccord«Ke«i*^^^^^ 

Jhumaaeyehavingaficldof vi«. V. 1><^ wd>.ligl«bean« enuned by *e fu« and 
«„s.c<mdUgh,»un»=21.22showa.n^ovalvintheptan.wlu<>hu^^ 
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(a) of 0. 1 to S'' with a line L connecting the first light source 21 to the second light source 22, 
the distance a being >= 40 m. In other words, Ught emitted by llie first and the second light 
source 21, 22 is perceived as an imaginary line under the above-mentioned conditions. 
Preferably, the distance a between the observer 5 and the first light source 21 lies in the range 
of40<a<100 m. 

By way of example, the eye of a driver of a passenger car 6 is situated 
approximately one meter above the road surface, or the eye of a truck driver is situated 
approximately 3 meters above the road surface. At a distance of, for example, 50 m firom 
then vehicles, the driver of the car will look at liie surface of the road R at a viewing angle of 
arc tan (1/50) = 1 .2°, and the truck driver will look at die surface of the road at a viewing 
angle of arc tan (3/50) = 3.4**. These observers will see that the ligiht beams originating flx)m 
the first and the second light source 21; 21' seem to have auniform overlap firom said 
distance. 

In a particularly suitable embodiment of tiie road-marking complex in accordance with the 
iuvention, 1 < a < 4". 

Fig. 2 fixrther shows the specific shape of the housing 11; 12 of die unit 1; 2 
adapted to a recess obtained by a saw-cut with a cuxsular saw, i.e. a segment of a circle. Also 
shown are the mutual positions of the units 1; 2 at a distance d, in the Figure 18 cm, vAien 
provided in the ix)ad. Each unit is provided with two respective stabilizers 23, 23'; 24, 24* 
oppositely positioned at tiidr respective emission surfeces 10; 20. The stabilizers have ducts 
25 enabling electrical/optical cables 26 to pass throug;h the units, tiie vinits being 
electrically/optically interconnected by these cables. The emission surfiace 10; 20 projects 
fiom the road surface R ovct a heigiht h, h bemg in die range firom 2 to 5 mm. 

Fig. 3 shows an embodiment of tiie unit 1 having a housing 11 with a shape 
which is a combination of a cylindrical cuxodar segment 14 and a circular cylinder 15 
perpendicular to the emission surfece 10. The circular cylinder 15 accommodates an optical 
system for directing the radiation to be generated by the light source and light generating 
parts, i.e. a light generator being provided with control electronics for operating the light 
source. 

Fig. 4 is an exploded view of an embodiment of the unit 1 haviag a housing 1 1 
with a shape which is a hollow cylindrical cuxsular segment 14 and with an uasertion opening 
in its emission surface 1 0. The following parts are inserted in tiie housing 1 1 : a printed circuit 
board 30, aplurality of Light Emitting Diodes (LEDs) 21, 21'..., aplurality of collimators 
33, 33' . . ., and an emission surface element 37. Sfacteen LEDs 21, 21' ... are mounted on the 
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printed circuit board 30, the LEDs having Ught emission windows 32, 32'... of about 5 mm 
in cross-section. During operation of the unit 1 each LED 21 of the plurality of LEDs emits 
light which is collimated by a respective collimator 33, 33' . . . of the pluraUty of collimators. 
The collimator 33 is a Compound Parabolic Concenttator (CPC) having a Ught inlet surfeoe 
34 through which the Ught from the LED 3 1 enters the CPC 33 . THe light ftom the LED 3 1 is 
concentrated and subsequently deflected by a prismatic part 35 of the CPC 33 through an 
angle of about 80" in order to make it leave «ie CPC 33 through an ^erture 36 having a 
cross-section of about 1.5 mm, the light enclosing an angle a of about 20O with the road 
surface. Before their insertion in the housingll.bolh the plurality of LEDS21, 21'... and the 

CPCs 33 , 33 ' ... are inserted in an emission surfece element 37 in such a ws^rlhat the 
apertures 36. 36' .. . of the CPCs 33, 33'... are positioned in front of openings 39, 39'... of 
the surface element 37. Subsequently, the surfece element 37 containing the USDs 21, 21'... 
and the CPCs 33, 33' ... is inserted in the housmg 1 1 to such an depth that an edge 38 of flw 

surfece element 37 Ues flush with the emission surfece 10. 
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CLAIMS: 

I ^ A road-maridng system comprising: 

at least a first (1) and a second road-maridng unit (2) each having an emission 
surface (10; 20), the first unit (1) comprising a first Ught source (21, 21'. . .) and the second 
5 unit (2) comprising a second light source (22, 22' . . .). 

characterized m that each unit (1 ; 2) has a sh^e ad^Jted to a saw-cut recess 
(9) for accommodadng die unit (1; 2). 

2. A road-markmg system as claimed in claim 1. characterized in that die recess 
10 (9) for accommodating the unit (1 ; 2) has a cylindrical bottom part in die sh^e of drcular 

segment. 

3. A road-markmg system as claimed in claim lor 2, characterized in diat the 
recess (9) for accommodatmg die unit (1 ; 2) is obtainable by a saw-cut or by a saw-cut in 

1 5 combmation with a drill-hole. 

4. A road-maridng system as claimed in claim 1,2 or 3, characterized in tha^ 
during normal operation of the system, li^t beams originating fixan the first (21, 21'. ..) and 
the second Ught source (22, 22'. . .) and appearing at the emission surfece (10; 20) of the 

20 respective unit (1 ; 2) overly each odier at a distance > 40 m bom the first light source m a 
plane which encloses an angle a, 0.1° < a < 8°, widi a line L which interconnects die first 
and the second lig^t source. 

5. A road-markmg system as claimed in claim 1 or 2, characterized in that die 
25 road marking unit (1 ; 2) comprises at least one stabilizer (23; 24) at least adjacent to die 

emission surface (10; 20). 



6. A road-marking system as clahnedm claim 5, characterized in diat die 
stabilizer (23; 24) comprises at least one duet (25) at least substantially parallel to die line L 

30 for the passage of electrical/optical cables ^6). 

7. A road-maiking Systran as dainied in claun lor 2, characterized mdiat a 
distance d between die first (1) and die second road maridng unit (2) lies in a range fi»m 10 

to 25 cm. 



wo 01/92641 



11 



PCT/EPOl/05315 



8. A road-marking system as claimed in claim 7, characterized m 
distance d lies in a range from 15 to 20 cm. 

9. A road-marking system as claimed in claim 1 or 2, characterized in that the 
Ught source (21, 21'. . .; 22, 22'. . .) is chosen from the group consisting of an optoelectronic 
element, an end portion of an optical fiber, a discharge lamp, a combination of the optical 
fiber with the discharge lamp, and a combination of the optical fiber with Ihe optoelectronic 
elonent. 

10. A road-maridng system as claimed in clann 9, characterized in that the 
optoelectronic element comprises a Ught-emitting diode (21, 21'...), viMchUght-emitting 
diode is combined with a collimator (33, 33' . . .) for collimating Ught &om the Ught-emitting 
diode and for directing the Ught through an opening (39, 39' . . .) in Ihe emission suifece (10). 

11. A road-maiking unit (1) for use in a road-marking system as claimed in claim 
1 or 2, comprising an emission sutfece (10) and a Ught source (21, 21*. . .), at which unit Ught 
beams issue from its emission surfece (10), during normal operation, 

characterized in that said unit (1) has a shape adapted to a recess (9) for 

accommodating the unit (1), the recess being obtamable by a saw-cut or by a saw-cut in 
combination with a driU-hoIe. 

12. A road surfece R provided with a road-maridng system as claimed ui claim 1 
or 2 or at least two road-marking units (1) as claimed in claim 1 1 . 

13. A complex for maridng roads comprismg one or more road-marking systems 
as claimed in claim 1 or 2, a control system for the road-maridng systems, and means for 

coupling the road-marking systems to the control system. 
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